
 

INFINITY NOTES ON UNITS & DIMENSIONS 
 

Ι. PHYSICAL QUANTITIES :  

 The quantities which can be measured by an instrument and by means of which we can describe the 
laws of physics are called physical quantities. Till class X we have studied many physical quantities  

 eg. length, velocity, acceleration, force, time, pressure, mass, density etc.  
 

 
1. Fundamental (Basic) Quantities :  ● These are the elementary quantities which covers the entire span of physics.  ● Any other quantities can be derived from these. 
 ● All the basic quantities are chosen such that they should be different, that means independent of 

each other. (i.e., distance (d), time (t) and velocity (v) cannot be chosen as basic quantities (because 

they are related as V = ). An International Organization named CGPM : General Conference on 
weight and Measures, chose seven physical quantities as basic or fundamental.  

 
  These are the elementary quantities (in our planet) that’s why chosen as basic quantities. 
  In fact any set of independent quantities can be chosen as basic quantities by which all other physical 

quantities can be derived. 
  i.e.,  

 
  Can be chosen as basic quantities (on some other planet, these might also be used as basic 

quantities) 
  But   

 
  cannot be used as basic quantities as  
  Area = (Length)2  so they are not independent. 
 

 
 
 
 
 



 
2. Derived Quantities :  
 Physical quantities which can be expressed in terms of basic quantities (M,L,T....) are called derived 

quantities.  
 i.e., Momentum P = mv      

  = (m) = = M1 L1 T– 1  

 Here [M1L1T–1] is called dimensional formula of momentum, and we can say that momentum has  
  1 Dimension in M (mass) 
  1 Dimension in L (length) 
 and –1 Dimension in T (time) 
 The representation of any quantity in terms of basic quantities (M, L, T....) is called dimensional formula 

and in the representation, the powers of the basic quantities are called dimensions. 
 

3. Supplementary quantities :  
 Besides seven fundamental quantities two supplementary quantities are 

also defined. They are  

 
 ●  Plane angle (The angle between two lines)     
 ●  Solid angle 
 

ΙΙ. FINDING DIMENSIONS OF VARIOUS PHYSICAL QUANTITIES :  
 ●  Height, width, radius, displacement etc. are a kind of length. So we can say that their dimension is 

[L] 

 
  here [Height] can be read as “Dimension of Height” 
 ● Area = Length × Width  
  So, dimension of area is [Area] = [Length] × [Width] 
           = [L] × [L] = [L2] 
  For circle  
   Area = πr2 

  [Area] = [π] [r2] 
           = [1] [L2]  
           = [L2] 
  Here π is not a kind of length or mass or time so π shouldn’t affect the dimension of Area.  
  Hence its dimension should be 1 (M0L0T0) and we can say that it is dimensionless. From similar logic 

we can say that all the numbers are dimensionless. 

 
 ● [Volume] = [Length] × [Width] × [Height] = L × L × L= [L3] 
  For sphere  

  Volume   = πr3 

  [Volume] =  [r3]  = (1) [L3]  = [L3] 
  So dimension of volume will be always [L3] whether it is volume of a cuboid or volume of sphere. 
 

 Dimension of a physical quantity will be same, it doesn’t depend on which formula we are using 
for that quantity. 



 

 ● Density =  

  [Density] =  =  = [M1L– 3] 

 ● Velocity (v)  =  

          [v]  =  =  = [M0L1T–1]  

 ● Acceleration (a)  =  

           [a] =   =  
 ●  Momentum  (P) = mv  
         [P] = [M] [v] 
         = [M] [LT–1] 
               = [M1L1T–1] 
 ●  Force (F) = ma  
      [F] = [m] [a]  
        = [M] [LT–2] 
    = [M1L1T–2](You should remember the dimensions of force because it is used several times)    
 ● Work or Energy = force × displacement 
  [Work]  = [force] [displacement]  
    = [M1L1T–2] [L] 
       = [M1L2T–2] 

 ● Power =  

      [Power] =  =  = [M1L2T– 3] 

 ● Pressure =  

     [Pressure] =  =  = M1L– 1T – 2  

1. Dimensions of angular quantities : 
 ● Angle (θ) 

  (Angular displacement) θ =   

     [θ] =  =  = [M0L0T0] (Dimensionless) 

 

 ● Angular velocity (ω) =  ;     [ω] =  =  = [M0L0T–1] 

 ● Angular acceleration (α) =   ;  [α] =  =  = [M0L0T– 2] 

 ● Torque  = Force × Arm length  

  [Torque] = [force] × [arm length] 

    = [M1L1T–2] × [L] = [M1L2T–2] 

2. Dimensions of Physical Constants : 
 ●  Gravitational Constant :  



 
  If two bodies of mass m1 and m2 are placed at r distance, 

both feel gravitational attraction force, whose value is,  

  Gravitational force Fg =   

  where G is a constant called Gravitational constant.  

   [Fg] =   

  [M1L1T– 2] =   

  [G] = M– 1 L3 T– 2  
 

 ● Specific heat capacity :   

  To increase the temperature of a body by ΔT, Heat required is   Q  = ms ΔT 

  Here s is called specific heat capacity. 

   [Q] = [m] [s] [ΔT] 

  Here Q is heat : A kind of energy so [Q] = M1L2T –2  

   [M1L2T–2] = [M] [s] [K] 

   [s] = [M0L2T–2K–1]   
 

 ● Gas constant (R) :        

  For an ideal gas, relation between pressure (P)  

  Value (V) , Temperature (T) and moles of gas (n) is   

  PV = nRT   where R is a constant, called gas constant.  

  [P] [V] = [n] [R] [T]      .....(1)  

  here [P] [V] =  [Area × Length] = [Force] × [Length] = [M1L1T–2] [L1] = M1L2T–2  

  From equation (1)  

  [P] [V] = [n] [R] [T]  

  ⇒ [M1L2T–2] = [mol] [R] [K]   ⇒  [R] = [M1L2T–2 mol–1 K–1] 

 ● Coefficient of viscosity :    

  If any spherical ball of radius r moves with velocity v in a 

viscous liquid, then viscous force acting on it is given by  

    Fv = 6πηrv  

  Here η is coefficient of viscosity 

        [Fv] = [6π] [η] [r] [v]  

   M1L1T – 2 = (1) [η] [L] [LT– 1] 

         [η] = M1L– 1T – 1  

 ● Planck’s constant : 

  If light of frequency υ is falling , energy of a photon is given by 

   E = hυ  Here h = Planck’s constant 

   [E] = [h] [υ]  

   υ = frequency =  ⇒ [υ] =  =   

  so M1L2T– 2 = [h] [T –1]         
   [h] = M1L2T– 1  
 

3. Some special features of dimensions : 
 

 ● Suppose in any formula, (L + α) term is coming (where L is length). As length can be added only with 

a length, so α should also be a kind of length.  

  So  [α] = [L] 



 
 ● Similarly consider a term (F – β) where F is force.  A force can be added/subtracted with a force only 

and give rises to a third force. So β should be a kind of force and its result (F – β) should also be a 
kind of force. 

 
  Rule No. 1 : One quantity can be added / subtracted with a similar quantity only and give rise 

to the similar quantity. 

 

Example 1.   = Fv + . Find dimensional formula for [α] and [β]  ( here t = time, F = force, v = velocity,  
x = distance) 

Solution :  Since dimension of  Fv = [Fv] =[M1L1T–2]  [L1T–1] = [M1L2T – 3]  ,  

   so   should also be M1L2T– 3      

     = M1 L2T–3 ;    [β] = M1L4T – 3  

    and  will also have dimension  M1L2T – 3 , so L.H.S. should also have the same  

 dimension M1L2T – 3   so  = M1L2T – 3   [α] = M1L2T – 1   
 

Example 2.  For n moles of gas, Vander waal’s equation is  (V – b) = nRT. Find the dimensions of a 
and b, where P is gas pressure, V = volume of gas  T = temperature of gas  

Solution :   

   So   = M1L– 1T – 2   So [b] = L3  

    = M–1 L–1 T – 2   ⇒   [a] = M1 L5 T–2   

 
 Rule No. 2 : Consider a term sin(θ) 

 Here θ is dimensionless and sinθ   is also dimensionless. 

 ⇒  Whatever comes in sin(......) is dimensionless and entire [sin (.......)] is also dimensionless. 

 ⇒  
 
 Similarly : 

    

 



 

      

 

  
 

 

Example 3.  α = sin (βt)(here v = velocity, F = force, t = time). Find the dimension of α and β  

Solution :    

   So  [α] =  =   = M1L –1T0     

Example 4.  α =  loge  where F = force , v = velocity. Find the dimensions of α and β. 

Solution :   

   

   ⇒   = 1    

   ⇒ = 1  ⇒ [β] = L2T – 2   

   as [α] =     ⇒ [α] =   ⇒ [α] = M1L – 1 T0   

 

4. USES OF DIMENSIONS :  
 

 ●  To check the correctness of the formula :   
  If the dimensions of the L.H.S and R.H.S are same, then we can say that this eqn. is at least 

dimensionally correct. So this equation may be correct. 
  But if dimensions of L.H.S and R.H.S is not same then the equation is not even dimensionally correct. 
  So it cannot be correct. 

  e.g. A formula is given   centrifugal force Fe =     
  (where m = mass , v = velocity , r = radius)   
  we have to check whether it is correct or not. 
  Dimension of L.H.S is    
   [F] = [M1L1T-2] 

  Dimension of R.H.S is   =  = [M1L1T– 2] 
  So this eqn. is at least dimensionally correct. 



 
 

  Thus we can say that this equation may be correct.  
 

 
Example 5.  Check whether this equation may be correct or not.    

Solution :  Pressure  Pr =   (where Pr = Pressure , F = force ,  
      v = velocity , t = time , x = distance) 
   Dimension of L.H.S  =  [Pr] = M1L– 1T – 2  

   Dimension of R.H.S  =    =    = M1L2T – 6   
   Dimension of L.H.S and R.H.S are not same. So the relation cannot be correct. 
   Sometimes a question is asked which is beyond our syllabus, then certainly it must be the 

question of dimensional analyses. 
 

Example 6.  A Boomerang has mass m surface Area A, radius of curvature of lower surface = r and it is 
moving with velocity v in air of density ρ. The resistive force on it can be –             

 

   (A)  log   (B)  log  (C) 2ρv2A log  (D)  log  

Answer :  (C) 

Solution :  Only C is dimensionally correct. 

 

 

 ●  We can derive a new formula roughly :  

  If a quantity depends on many parameters, we can estimate, to what extent, the quantity depends on 

the given parameters ! 

 

Example 7.   

   So we can say that expression of T should be in this form  

   T = (Some Number) (m)a ()b(g)c  

   Equating the dimensions of LHS and RHS, 

   M0L0T1  = (1) [M1]a [L1]b [L1T–2]c  

   M0L0T1  = Ma Lb+c T– 2c  

   Comparing the powers of M,L and T,  

   get  a = 0 , b + c = 0, – 2c = 1  

   so  a = 0 , b = , c = –   so  T = (some Number) M0 L1/2 g– 1/2 

    T = (Some Number)    

 



 
   The quantity “Some number” can be found experimentally. Measure the length of a pendulum 

  and oscillate it, find its time period by stopwatch. 

   Suppose for  = 1m, we get T = 2 sec. so  

   2 = (Some Number)   

   ⇒ “Some number” = 6.28  2π.   

Example 8.  Natural frequency (f) of a closed pipe  

         

   So we can say that  f = (some Number) ()a (ρ)b (P)c 

    = (1) [L]a [ML–3]b [M1L–1T–2]c  
   MºLºT–1 = Mb + c La – 3b – c T–2c  
   comparing powers of M, L, T 
    0 = b + c 
     0 = a – 3b – c 
    –1 = –2c 
   get  a = – 1 , b = – 1/2 ,   c = 1/2 

   So  f = (some number)  

 
 ● We can express any quantity in terms of the given basic quantities. 
 

 

Example 9.  If velocity (V), force (F) and time (T) are chosen as fundamental quantities , express (i) mass and 

(ii) energy in terms of V,F and T  

Solution :  Let  M = (some Number) (V)a (F)b (T)c   

   Equating dimensions of both the sides  

   M1L0T0  = (1) [L1T–1]a [M1L1T - 2]b [T1]c 

   M1L0T0  = MbLa + b T– a – 2b + c  

   get  a = – 1, b = 1, c = 1 

   M = (Some Number) (V–1 F1 T1)  ⇒  [M] = [V–1 F1 T1] 

   Similarly we can also express energy in terms of V , F , T  

   Let [E] = [some Number] [V]a [F]b [T]c   

   ⇒ [ML2T–2] = [MºLºTº] [LT–1]a [MLT–2]b [T]c  

   ⇒ [M1L2T–2] = [Mb La +  b  T–a – 2b + c]  

   ⇒ 1 = b; 2 = a + b ;  – 2 = –a – 2b + c 

   get a =1 ; b = 1 ; c = 1 

   ∴ E = (some Number) V1F1T1 or  [E] = [V1][F1][T1].  



 

🕮  

● To find out unit of a physical quantity : 

 Suppose we want to find the unit of force. We have studied that the dimension of force is  

 [Force] = [M1L1T–2]  

 As unit of M is kilogram (kg) , unit of L is meter (m) and unit of T is second (s) so unit of force can be 

written as (kg)1 (m)1 (s)– 2    = kg m/s2 in MKS system. In CGS system, unit of force can be written as (g)1 

(cm)1 (s)–2   = g cm/s2. 
 

ΙΙΙ. LIMITATIONS OF DIMENSIONAL ANALYSIS :  

   From Dimensional analysis we get   T = (Some Number)   

   so the expression of T can be  

              

     T = 2    T =  sin (.....)  

         or         or 

     T = 50   T =  log (......) 

        or           or 

     T = 2π     T =  + (t0)  
 

 ● Dimensional analysis doesn’t give information about the “some Number”: The dimensional constant. 

 ●  This method is useful only when a physical quantity depends on other quantities by multiplication and 

power relations.  

  (i.e., f = xa yb  zc)  

  It fails if a physical quantity depends on sum or difference of two quantities  

  (i.e.f = x + y – z)  

  i.e., we cannot get the relation   

  S = ut + at2   from dimensional analysis. 

 ● This method will not work if a quantity depends on another quantity as sine or cosine, logarithmic or 

exponential relation. The method works only if the dependence is by power functions. 

 ● We equate the powers of M,L and T hence we get only three equations. So we can have only three 

variable (only three dependent quantities) 

  So dimensional analysis will work only if the quantity depends only on three parameters, not more 

than that. 

 

Example 10.   Can Pressure (P), density (ρ) and velocity (v) be taken as fundamental quantities ? 

Solution :  P, ρ and v are not independent, they can be related as P = ρv2, so they cannot be taken as 

fundamental variables. 

   To check whether the ‘P’, ‘ρ’, and ‘V’ are dependent or not, we can also use the following 

mathematical method : 

    [P] = [M1L-1T-2]   

    [ρ] = [M1L-3 T0]   

    [V] = [M0L1T-1] 



 
   Check the determinant of their powers : 

      = 1 (3) – (–1)(–1) – 2 (1) = 0, 

   So these three terms are dependent. 
 

 
 DIMENSIONS BY SOME STANDARD FORMULAE :-  

 In many cases, dimensions of some standard expression are asked  

 e.g. find the dimension of (µ0ε0)  

 for this, we can find dimensions of µ0 and ε0, and multiply them, but it will be very lengthy process. Instead 

of this, we should just search a formula, where this term (µ0ε0 ) comes.   

 It comes in c =  (where c = speed of light)  

 ⇒  µ0 ε0 =   

 [µ0ε0] =  =  = L–2 T2   

 

Example 11. Find the dimensions of   
 

   (i) ε0E2   (ε0 = permittivity in vacuum, E = electric field) 

   (ii)    (B = Magnetic field, µ0 = magnetic permeability)  

   (iii)   (L = Inductance, C = Capacitance)  
   (iv) RC   (R = Resistance, C = Capacitance)   

   (v)    (R = Resistance, L = Inductance)   

   (vi)   (E = Electric field, B = Magnetic field)   
   (vii) Gε0  (G = Universal Gravitational constant, ε0 = permittivity in vacuum)   

   (viii)   (φe = Electrical flux; φm = Magnetic flux)  

Solution :  (i) Energy density =  ε0E2   

    [Energy density] = [ε0E2] 

    =  =  = M1L-1T–2    

   (ii)   = Magnetic energy density  

     = [Magnetic Energy density]  

    =  = = M1L-1T–2     



 

   (iii)  = angular frequency of L – C oscillation 

     = [ω] =  = T–1    
   (iv)  RC = Time constant of RC circuit = a kind of time  
    [RC] = [time] = T1     

   (v)   = Time constant of L – R circuit  

     = [time] = T1   
   (vi)  magnetic force Fm = qvB , electric force Fe = qE   

     ⇒ [Fm] = [Fe]   ⇒   [qvB] = [qE]  ⇒  = [v] = LT–1    

   (vii) Gravitational force Fg = ,  Electrostatic force  Fe =  

     =    ;   [Gε0]  =   =  = A2T2M–2   

   (viii)  = = = [v] (from part (vi))  = LT–1    

 
 Dimensions of quantities related to Electromagnetic and Heat (only for XII and XIII 

students) 

 (i) Charge (q) : We know that electrical current  i = =  

  [i] =  

  [A] =   ⇒  [q] = [A1T1] 

 (ii) Permittivity in Vacuum (ε0) : Electrostatic force between two charges  Fe =  =  

  [Fe] =  

  M1L1T–2 =  ;  [ε0] = M–1 L–3 T4 A2   

 (iii) Electric Field (E) : Electrical force per unit charge  E =  

  [E] =  =  = M1L1T–3A–1 

 (iv) Electrical Potential (V) : Electrical potential energy per unit charge V =  

  [V] = =  = M1L2 T–3A–1 

 (v) Resistance (R) : From Ohm’s law V = iR  
  [V] = [i] [R]  
    [M1L2T–3A–1] = [A1] [R]   ;   [R] = M1 L2T–3A–2  

 (vi) Capacitance (C) : C = ⇒ [C] = =  



 
  [C] = M–1L–2 T4A2 

 (vii) Magnetic field (B) : magnetic force on a current carrying wire Fm = i B ⇒[Fm] = [i] [] [B]  

  [M1L1T–2] = [A1] [L1] [B] 
  [B] = M1LOT–2A–1  

 (viii) Magnetic permeability in vacuum (µ0) : Force/length between two wires =  

  =  ⇒ [μ0] = M1L1T–2 A–2  

 (ix) Inductance (L) : Magnetic potential energy stored in an inductor U =1/2 L i2  

  [U] = [1/2] [L] [i]2 

   [M1 L2 T–2] = (1) [L] (A)2  

  [L] = M1L2T–2 A–2  

 (x) Thermal Conductivity : Rate of heat flow through a conductor =   A  

  = [k] [A]  ;   = [ ] [L2]  

     [ ] = M1 L1 T–3 K–1 

 (xi)  Stefan’s Constant : If a black body has temperature (T), then Rate of radiation energy emitted 

  = A T4  ;   =  [A] [T4] 

  =  [L2] [K4]  ;  = [M1 L0 T–3 K–4]  

 (xii) Wien’s Constant : Wavelength corresponding to max. spectral intensity. λm =  (where T = temp. 
of the black body) 

  [λm] =  ;   [L] =    [b] = [L1K1] 
 

UNIT 
 

● Unit :  Measurement of any physical quantity is expressed in terms of an internationally accepted certain 

basic standard called unit. 
 

● SI Units : In 1971, an international Organization “CGPM” : (General Conference on weight and 

Measure) decided the standard units, which are internationally accepted. These units are called SI units 
(International system of units) 

 

1. SI Units of Basic Quantities : 



 

  
2. Two supplementary units were also defined : 
 ● Plane angle – Unit = radian (rad) 
 ● Solid angle – Unit = Steradian (sr) 
 

3. Other classification : 
 If a quantity involves only length, mass and time (quantities in mechanics), then its unit can be written in 

MKS, CGS or FPS system. 

 
 ● For MKS system :  
  In this system Length, mass and time are expressed in meter, kg and second. respectively. It comes 

under SI system. 
 

 ● For CGS system : 
  In this system ,Length, mass and time are expressed in cm, gram and second. respectively. 
 

 ● For FPS system : 
  In this system, length, mass and time are measured in foot, pound and second. respectively. 
 

4. SI units of derived Quantities :  

 ●  Velocity =  
  So unit of velocity will be  m/s 



 

 ●  Acceleration =  =  =   
 ●  Momentum = mv, so unit of momentum will be = (kg) (m/s) = kg m/s 
 ●  Force = ma, Unit will be = (kg) × (m/s2) = kg m/s2 called newton (N) 
 ●  Work = FS,  unit = (N) × (m) = N m called joule (J)  

 ●  Power = ,  Unit = J / s called watt (W) 
 

5. Units of some physical Constants : 
 ● Unit of “Universal Gravitational Constant” (G) 

  F =    ⇒  =   so unit of G =   

 ● Unit of specific heat capacity (s) : Q = ms ΔT  ;  J = (kg) (S) (K), Unit of s = J / kg K 

 ● Unit of  μ0  : force per unit length between two long parallel wires is:  =  

    =     Unit of μ0 =  
 

6. SI Prefix : Suppose distance between kota to Jaipur is 3000 m. so  

   d = 3000 m  
      = 3 km (here ‘k’ is the prefix used for 1000 (103)) 
 Suppose thickness of a wire is 0.05 m  

   d = 0.05 m    
           = 5 cm (here ‘c’ is the prefix used for (10–2)) 
 Similarly, the magnitude of physical quantities vary over a wide range. So in order to express the very 

large magnitude as well as very small magnitude more compactly, “CGPM” recommended some standard 
prefixes for certain power of 10. 

  

 
Example 12. Convert all in meters (m) :  

   (i) 5 μm.   (ii) 3 km   (iii) 20 mm  (iv) 73 pm     (v) 7.5 nm 

Solution :  (i) 5 μm = 5 × 10–6m   

   (ii) 3 km = 3 × 103 m  

   (iii) 20 mm = 20 × 10–3m   

   (iv) 73 pm = 73 ×10–12 m  

   (v) 7.5 nm = 7.5 × 10–9 m 
 

Example 13. F = 5 N convert it into CGS system. 

Solution :  F = 5 = (5) = 5 × 10 5  (in CGS system). 



 

   This unit ( ) is also called dyne  

Example 14. G = 6.67 × 10–11 convert it into CGS system. 

Solution :  G = 6.67 × 10–11 = (6.67×10–11) = 6.67 × 10–8  

Example 15. ρ = 2 g/cm3 convert it into MKS system.  

Solution :  ρ = 2 g/cm3   = (2)  

    = 2 × 103 kg/m3  

Example 16. V = 90 km/hour convert it into m/s.  

Solution :  V = 90 km/hour   =  (90)  

   V = (90)      

   V = 90 ×  

   V = 25 m/s  
 

 

7. POINT TO REMEMBER :  

 To convert km/hour into m/sec, multiply by . 

 

Example 17. Convert 7 pm into μm. 

Solution :  Let  7 pm = (x) μm, Now lets convert both LHS & RHS into meter  

   7 × (10– 12)m = (x) x 10– 6 m  

   get  x = 7 × 10 –6  

   So 7 pm = (7×10 – 6) μm 

   Some SI units of derived quantities are named after the scientist, who has contributed in that field 

a lot.  

 
8. SI Derived units, named after the scientist :  



 
 

 
 

9. Some SI units expressed in terms of the special names and also in 
terms of base units: 



 

 
 

 
 

10. CHANGE OF NUMERICAL VALUE WITH THE CHANGE OF UNIT :   
 Suppose we have  

    = 7 cm  =  

 we can say that if the unit is increased to 100 times (cm→m),  

 the numerical value became  times  
 So we can say    

 Numerical value ∝  
 We can also tell it in a formal way like the following :  
 Magnitude of a physical quantity = (Its Numerical value) (unit) = (n) (u) 
 Magnitude of a physical quantity always remains constant, it will not change if we express it in some other 

unit. So 



 

 

 numerical value ∝  

 
Example 18. If unit of length is doubled, the numerical value of Area will be ................ 
Solution :  As unit of length is doubled, unit of Area will become four times. So the numerical value of Area 

will became one fourth. Because numerical value ∝ ,   
 

Example 19.  Force acting on a particle is 5N.If unit of length and time are doubled and unit of mass is halved 
than the numerical value of the force in the new unit will be. 

Solution :  Force  =  5    
   If unit of length and time are doubled and the unit of mass is halved. 

   Then the unit of force will be   =  times  

   Hence the numerical value of the force will be 4 times. (as numerical value ∝ )    
 
 


